Direct-touch presentation devices such as touch-sensitive electronic whiteboards have two serious problems. First, the presenter's hand movements tend to distract the audience's attention from content. Second, the presenter's manipulation tends to obscure content. In this paper we propose "audience gaze localization" as an interface design paradigm to cope with the problems. It is an attitude to maximize the usability of the application with respect to the presenter, while minimizing the negative effects of the presenter's manipulations from the perspective of the audience. Based on the paradigm, we develop a new electronic whiteboard system that supports multi-touch gestures and employs a special pie menu interface named "sPieMenu." This pie menu is displayed under the presenter's palm and is thus invisible to the audience, while kept visible to the presenter.
INTRODUCTION
In recent years big-screen displays and direct-touch input devices, which are frequently used to describe and directly interact with presentation materials as an aid to explanation and debate, have become increasingly commonplace [2] . They are now frequently encountered in classrooms, presentations, and meetings, and often involve audiences of unspecified size. These systems have great potential as they realize the direct communication advantages of the wellknown traditional blackboard (whiteboard) and chalk approach, while making it possible to incorporate multimedia materials and utilize other information and communication technologies.
From the perspective of HCI there is an important interface design issue that must be considered when designing electronic whiteboard systems that combine big-screen displays and direct-touch input devices. This is the problem of localizing the function selection menu [8] . In the case of a traditional desktop application, if the function menu is located at the perimeter of the application window, then as the size of the screen grows so too does the cost associated with shifting the focus of the application (the cursor for example) to the menu. This issue is relevant not only to large-screen displays but also to tablet PCs and other devices that support direct-touch input and thus consume greater energy in order to shift or move the cursor.
Several other authors have addressed this issue, including Callahan et al. [1] , Ramos et al. [8] , Grassman et al. [9] , who introduced alternative function selection interface modalities including the pie menu, pressure widget, and hover widget which rely on relative displacement from the current cursor position, pen pressure, and pen height respectively. These approaches may be said to achieve interface localization by supporting interactions that do not depend on the user's current absolute cursor position.
In this research, we extend the interface localization paradigm, and in particular, investigate the idea of "audience gaze localization." The works described above focus on a 1-to-1 relationship between the user and the application, with the aim to optimize the utility for the user given this situation. In the case of a classroom-oriented electronic whiteboard, a generic presentation tool, or a business meeting support tool however, in fact the interaction normally involves one user or presenter who is interacting through the application with an unspecified number of people in an audience, and it is necessary to carefully consider this fundamental difference when designing the interface. Here, in addition to maximizing the usability of the application with respect to the user, it is also necessary to consider an approach that minimizes the negative effects of the user's manipulations from the perspective of the audience. For example, if in manipulating the menu the user is frequently moving his torso, arms or Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. fingers, this may cause the audience to focus not on the information being presented but rather on the movements of the presenter. Alternatively if in order to select a new item or function, the user is required to open a large menu in the display, this may obscure the presentation contents, or inadvertently draw the audience's attention to the menu itself.
Localizing audience gaze is one approach to dealing with these issues, where user's manipulations and corresponding body movements, as well as changes in the information being displayed can inadvertently or unnecessarily distract the audience from the main communication goal, thus this work proposes an approach to interface design that seeks to minimize these negative effects.
In this work we report on the recent development of an electronic whiteboard system enabled with multi-touch technologies as a means to effectively realize audience gaze localization. The system employs the frequently used multitouch gesture based approach and combines this with a specially designed pie menu that we refer to as "sPieMenu" in order to achieve menu localization. The sPieMenu differs from a traditional pie menu in that it is automatically hidden from the view of the audience under the palm of the user's hand, while kept visible to the user. This makes it possible to support a wide variety of user-level functions that would be difficult to achieve through multi-touch gestures alone, while also serving as a design approach to achieving audience gaze localization.
Conventionally, the "occlusion problem" has been thought as a major problem to be solved in direct-touch interfaces. Namely, the user or presenter tends to hide or obscure the actual information being presented with their body, actions or through opening up a menu. In [7] Vogel et al. modeled the degree to which pen actions tend to obscure the display area in the case of a tablet PC. In [6] Brandt et al. developed an interface approach for a multi-touch display which estimates the position of the user's hand in relation to the touch-screen and dynamically places the menu so as to ensure that it is not obscured by the user's hand.
In this paper we focus on making creative use of the obstructed space. Electronic whiteboard systems are usually used to display presentation material to an audience. In this scenario the presenter (user) may be using their body to point out or explain the materials, however from the perspective of the audience this is an obstruction. This area, which represents an obstruction to the audience but which is visible to the user can be used to construct interaction methods so that presentation contents are not hidden from the audience while functional operations are secretly available.
MULTI-TOUCH ELECTRONIC WHITEBOARD
In this section we discuss the construction and design of the proposed multi-touch electronic whiteboard. The proposed system is based on general-purpose multi-touch capable hardware and electronic whiteboard software, as well as the interaction interface associated with it.
The multi-touch panel employs the Frustrated Total Internal Reflection (FTIR) system developed by Han [3] as its baseline hardware. For the electronic whiteboard software, the open source presentation platform "kotodama" [4] is employed. 
Gesture-based Controls
In the context of actual presentations involving electronic whiteboards, the most frequent actions that need to be considered are: stroke-based input, moving objects, and enlarging or shrinking objects. These actions were associated with one or two finger gestures. Other functions were associated with either three fingered gestures or the sPieMenu interface, which is described in the next section. Our current associations between the gestures and the functions are as follows:
1-fingered movement: stroke-based input (Figure 1) 2-fingered parallel movement: select and move an existing object, or touch the background area to select and move the entire canvas (Figure 2) 2-fingered open-close: enlarging or shrinking an object, or enlarging or shrinking the entire canvas area over a background (Figure 3) 3-fingered rotation: undo, redo (Figure 4) In regard to multi-touch gesture interfaces, much practical progress has been made through commercial devices such as the Microsoft Surface, Touch Diamond, and iPhone, etc. toward developing, standardizing and modeling common gestures [10] . In this paper we focus in particular on a new hybrid interface that integrates existing multi-touch gestures with a new menu-selection interface, and not on the multitouch gestures themselves.
Figure 5. The sPieMenu sPieMenu
The sPieMenu displays the pie menu underneath the user's palm thus allowing the user to easily check the available actions ( Figure 5) . By using the multi-touch panel it is possible to display the sPieMenu only when the user touches the panel with the specified number of fingers. The main purpose of the sPieMenu then is to allow the user to check available actions, while avoiding unnecessary distraction or obstruction of the presentation materials from the perspective of the audience. Furthermore, as the user increases their level of expertise actively looking the menu becomes unnecessary and the system can be shifted to a simple multi-touch gesture approach. In contrast to the transition from a typical pie menu to a marking menu [11] , in this case no explicit transition from the display state to the non-display state is actually necessary. This aspect could be particularly useful for "in class student presentations" where numerous users of varying skill share the same electronic whiteboard system. The specific actions are described below. If the user touches the display with three fingers, the system automatically computes the orientation and location of the hand from the three points of contact and displays the pie menu under the user's palm. As long as the fingers are touching the panel, the menu will be displayed at a fixed distance from the user's fingers. Thus even if the user moves his arm, the pie menu will always be hidden beneath his palm, and thus hidden from the view of the audience ( Figure 5 ). The parameters that govern the distance from the contact point where the menu should be centered, as well as the menu orientation, may be customized by the user if necessary.
Following the three-fingered touch, and depending on the direction of the subsequent movement, the following actions are possible:
Left: Go to the previous slide (Back) Right: Go to the next slide (Next) Up: Display all contents in the current window (Overview) Down: Copy/Paste the selected contents (Copy)
In our current system only four functions are assigned on the sPieMenu, but the designers can add more functions and/or additional levels to the menu [5] if necessary.
DISCUSSION
In order to clarify the benefits of the multi-touch electronic whiteboard system described in the previous section, two sets of experiments should be carried out. The first set of experiments compares the impact in terms of relative gaze movement for the proposed system versus the traditional electronic whiteboard system approach. The second set of experiments consists of a usability comparison for the sPieMenu (abbreviated as SPM in this section only) and a traditional pie menu (abbreviated as PM in this section only). The details of the experiments and their results will be reported in our future paper, and here we just overview for each.
Audience Gaze Tracking
In this experiment the single-touch toolbar which is currently in common use in many electronic whiteboard interfaces is compared with the newly proposed SPM multitouch interface and the impact on audience gaze trajectory and overall gaze movement is measured using an eyetracker to determine whether there is any difference between the two approaches. In this case the primary hypothesis is that the proposed interface will result in less unnecessary distraction and gaze movement for the audience compared to the traditional toolbar menu. That is to say, it should be possible to achieve effective "audience gaze localization" with the proposed method． Up to now we have obtained results that support the hypothesis through our in-lab experiments with an eyetracker.
PM and SPM Usability Comparison
Electronic whiteboards are typically operated through interactions that are executed on one side of the screen. If the user attempts to interact with the whiteboard in the center of the screen he will end up with his back facing the audience and making eye-contact becomes difficult, while his body also partially obscures the presentation contents from the audience (Figure 6 , center column). Moreover, from the perspective of a new or first-time user, performing Slide operations in the center of the screen makes it so that it is difficult to see the SPM using a natural posture, requiring the user to peek or strain to see the menu, and thus drastically decreasing usability. As a consequence of these two points, it is hard to justify supporting this sort of centralized interaction, and it is thus essential to focus on facilitating easy interactions when the user is standing at either side of the screen. Additionally in the event that the system is employed in a classroom setting, where an unspecified number of different users including teachers as well as students are expected to utilize the system, it is important to ensure that even novice users can operate the system without difficulty.
Thus the second experiment is designed in order to evaluate the impact on general usability for the PM and SPM systems, of the standing positions that novices as well as experienced users adopted with respect to the screen. In this case the primary hypotheses are as follows:
Hypothesis 1: From the perspective of experienced users, the SPM system should compare favorably with the PM system and not exhibit any drawbacks.
Hypothesis 2: From the novice user's perspective there will be some qualitative difference between the PM and SPM systems depending on the standing position adopted by the user.
Up to now we have obtained results that support the two hypotheses through our in-lab experiments. Moreover the results show that employing the SPM with a Dominanthand Opposite-side standing position ( Figure 6 , left column) can provide a high degree of usability and effectiveness that is not dependent on the level of expertise of the user.
CONCLUSION
This research developed a new electronic whiteboard system that employs a multi-touch gesture interface and sPieMenu, and made a new effort to achieve audience gaze localization. For the future research, utilizing the space where the sPieMenu is displayed as a private space for the presenter and investigating how this space might be designed or utilized to further support the presenter will be interesting.
